We present a modeling methodology for conceptual design and simulation of automated material handling systems (AMHS) in semiconductor manufacturing.
conceptual design and simulation of automated material handling systems (AMHS) in semiconductor manufacturing.
This methodology integrates the conceptual design ,and modeling processes. This results in a reduction in modeling cycle time.
The modeling process utilizes a simulator, selected from a suite, which is coupled with a design tool. The design tool, an in-house expert system helps in preliminary analysis of ,and selection among several alternatives.
The design tool then generates appropriate data tiles to be used by a simulator. A simulator, built using Automod II, represents .an AMHS in terms of layout, vehicle control logic, ,and material flow.
We discuss the architecture of a simulator in detail and present a case study.
We have developed a set of simulators to Imndle different vehicle control algorithms. The integrated modeling environment developed in-house, reduces the time required for these iterations.
Section 2 provides an overview of the integrated environment. Section 3 and 4 describe the design tool and simulator respectively. The generic architecture of a simulator is the main focus of this paper, ,and is covered in Section 5.
Section 6 presents a case study of using this environment.
Section 7 includes conclusions and scope for future work.
OVERVIEW OF THE INTEGRATED
E~TmoNMENT Figure  1 shows the structure of the integrated modeling environment. The design tool talkes the manufacturing process flow, the fab layout, and the AMIW layout as inputs.
The design tool evaluates different AMHS layout arrangements and selects the most practical configuration. The simulator takes the outputs generated fiorn the design tc)ol along with a graphical representation of the system, <and builds a simulation model.
The simulator provides outputs that characterize the system performance. The AMHS design tool (Box A in Figure 1 ), ,an in-house expert system, automates the analysis for the conceptual design phase (Nadoli and Macleish, 1993, Kum,ar et. al., 1993) . This phase is characterized by the following: the design task is non-lines, multiple designs ,are considered at any time, multiple experts take p,art in the design, design activity takes a long calend,ar time, and the input information keeps changing. The design tool is activity driven where design activities, represented in the fom~of a network, force the precedence requirements among the activities. The design activities encoded in the design tool are: process flow inputs, design specifications, fab layout drawing, preliminary calculations, operational ,assumption specification, storage equipment placement, track drawing, ,and track loading analysis. Activities such as pricing, billof-materi~al,~and scope of work generation are secondary activities used to derive information from a selected design.
The designer prepares the process information file that associates the process steps to production locations (bays) in the fab (in a typical manufacturing scen,ario, a production lot may require more th,an 300 distinct processing steps.)
The layout of the fab (the location of bays and aisle spaces) is also defined in the form of a file.
Alternatively, the designer may draw the layout using a graphical user interface. Based on the production levels (typically stated in terms of wafer starts/week) the design tool does prelimin<~calculations on the storage requirements, flow requirements, and activity levels of robotics systems (i.e., storage and transport) in automated storage systems.
The power of the tool comes from its objectoriented architecture and its internal represenL~tion of the AMHS track system as a network.
The nodes in this network represent the connections to the automated storage and retrieval systems (AS/RS). Using the network (i.e., applying shortest path algorithm and some system specific heuristics), the material flows are assigned to specific paths in the network. This leads to computation of metrics such as lots moved/hr by the system, total distance moved by a lot, total distance moved/hr by the system, and the lots moved per hour through a location. B,ased on these metrics the tool selects the best AMHS layout among .altemat ive track configurations developed within the design tool. Once a p.articul,ar layout is chosen based on the preliminary ,analyses using the design tool, the simulation files generated in the process are p,assed onto the appropriate simulator.
The need to link the design tool to the simulation necessitated the creation of addition,ti outputs from the design tool:
i) Process Flow: The from-to flows derived from the process flows along with the probability of occurrence of each flow (sampling pl,ans, rework operations, etc.). ii)
Routing: A specialized routing map is a requirement to handle vehicle control in our simulator.
The representation provided by the simulation language, did not support this requirement.
Hence that map was generated by the design tool. iii) Lavout Characteristics:
The track system, depending on the vendor and the control logic, h,as features such as bridges, loops, bypasses, etc.
These features are necessary to define the logic of the operation of the system.
The design tool provided an easy method to generate these features. With this tool, we have been able to reduce the modeling cycle time down from weeks to days.
The improvement in modeling methodology and the structured model interfaces that we built to support this methodology resulted in this reduction.
We estimate that we c<an develop new simulators in a matter of days for a new vehicle control system. Previously it would take us several weeks to develop such models.
Currently,
we have developed two simulators for modeling bay to bay material movement. We plan to increase this Iibr,ary to include simulators for modeling material movement within bays.
Another ,addition to the simulation module is a statistics extension module.
With this, the user would be able to perform powerfid statistical analyses, including design of experiments. Such an extension is currently being developed, using AutoStat (AutoSimulations, 1993).
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